Dual functions of hypoxia-inducible factor 1 alpha for the commitment of mouse embryonic stem cells toward a neural lineage.
Embryonic stem (ES) cells are useful for elucidating the molecular mechanisms of cell fate decision in the early development of mammals. It has been shown that aggregate culture of ES cells efficiently induces neuroectoderm differentiation. However, the molecular mechanism that leads to selective neural differentiation in aggregate culture is not fully understood. Here, we demonstrate that the oxygen-sensitive hypoxia-inducible transcription factor, Hif-1α, is an essential regulator for neural commitment of ES cells. We found that a hypoxic environment is spontaneously established in differentiating ES cell aggregates within 3 days, and that this time window coincides with Hif-1α activation. In ES cells in adherent culture under hypoxic conditions, Hif-1α activation was correlated with significantly greater expression of neural progenitor-specific gene Sox1 compared with ES cells in adherent culture under normoxic conditions. In contrast, Hif-1α-depleted ES cell aggregates showed severe reduction in Sox1 expression and maintained high expression of undifferentiated ES cell marker genes and epiblast marker gene Fgf5 on day 4. Notably, chromatin immune precipitation assay and luciferase assay showed that Hif-1α might directly activate Sox1 expression. Of additional importance is our finding that attenuation of Hif-1α resulted in an increase of BMP4, a potent inhibitor of neural differentiation, and led to a high level of phosphorylated Smad1. Thus, our results indicate that Hif-1α acts as a positive regulator of neural commitment by promoting the transition of ES cell differentiation from the epiblast into the neuroectoderm state via direct activation of Sox1 expression and suppressing endogenous BMP signaling.